The purpose of this paper is to describe a new way of producing renewable energy based 1 on fjords as a water heater. We will call this system the Water-thermal Energy Production System 2 (WEPS), because the basic idea is to extract heating and cooling energy from water. Although a 3 prototype of WEPS has existed in Norway for more than ten years, a WEPS currently in operation This stability of the water temperature makes it possible to extract energy from the fjord in a very 8 efficient way. The potential for economically-profitable WEPS in other parts of the world has not 9 been estimated. In order to answer such a question, more research is required. We have conducted 10 a case study of a WEPS located in the Norwegian municipality of Eid. This is the first full-scale 
by using heat exchangers to a closed loop of freshwater (see Figure 2) . The heated freshwater is 136 then pumped from the heat exchange unit to a heat center containing heat pumps. From this heat 137 center, warmed water is then distributed to customers, such as households, institutions and companies, 138 through a small network of pipelines. The energy stored in the warmed water is then transferred to 139 end-users via individual heat exchange units, and cold water is pumped back to the exchange unit.
140
The WEPS may run in heating mode or in cooling mode. The temperatures when in heating or cooling 141 mode are given in Table 1 and Table 2 below.
142 Table 1 . The temperatures of the water when the WEPS is in heating mode. The temperatures may differ a little from these figures during the year. In WEPS-Eid, the temperatures of the water from the heat exchanger to the customer are always 1.5 • C lower than the temperature of the sea water.
Flow of water
Temperature Water from the sea to the heat exchanger 8 • C Water from the heat exchanger to the customer 6.5 • C Water from the customer to the heat exchanger 1.5 • C Table 2 . The temperatures of the water when the WEPS is in cooling mode. The temperatures may differ a little from these during the year. In August or September, the sea temperature may be 10 • C, while it is usually about 8 • C in June and July. The maximum difference on either side of the temperature of the water to the customer is 1.5 • C.
Flow of water Temperature
Water from the sea to the heat exchanger 8 • C Water from the heat exchanger to the customer 9.5 • C Water from the customer to the heat exchanger 11 • C When in cooling mode, the fjord is used as a heat sink. One may ask: Why install a heat exchanger 143 when the system is in cooling mode? Can the cold fjord water not be used directly? The reason is that 144 the salty water of the fjord will cause problems. In addition, there will be problems with algae. The seawater emits heat to a closed circuit with fresh water that circulates in a grid on land. research is needed to find the optimal solution when it comes to the question of which pipes should be 179 isolated.
180
In WEPS-Eid, every customer has his/her own heat pump. The heat pump extracts heat from 
207
In a WEPS construction including a hub for distribution of warmed water to the customers (a 208 heat center), the energy producer is responsible for operating the heat center. Thus, this will generate 209 large-scale economics in operating that part of the infrastructure compared to a situation where each 210 customer has his/her own heat pump. The experience from WEPS-Eid showed that many customers 211 also lacked the knowledge needed to optimize the operation of the heat pump. A heat center will 212 therefore reduce the unit costs of energy produced, and the customers will have lower investment and 213 operating costs because they do not need to buy and operate their own heat pumps. to insulate all pipes and not only two. As long as there is a temperature difference between the water 217 and the surroundings, there will be heat transfer and loss of energy. This loss has not been calculated.
218
More research is required before we can say which solution is the most profitable.
219
Where there is a short distance between customers, the appropriate solution is to build an 220 infrastructure that includes a heat center. Otherwise, the customers must be sequentially interconnected to the plans, it will start ordinary production in January 2018. The normal production is expected to be 261 30 GWh. 
Costs and Benefits of WEPS-Eid

263
The profitability of any project can be seen from the corporate point of view or from the society's point of view. Equation 1 below represents the profit function of the society of a WEPS:
where: π s = the economic surplus for the society place. An externality is positive if some agent's behavior makes another agent better off and negative ICT businesses. The local council managed to coordinate the digging and the parallel placement of that future risk is not greater than systematic risk for the total Norwegian economy, and we conduct 376 two separate profitability estimations of WEPS-Eid: one where we apply the risk-free real discount rate 377 of two percent (r = 2 percent) and one where we add a risk premium of one percent (r = 3 percent).
378
The results are shown in Table 3 . The net present value is calculated by using this expression: The results are shown in Table 1 , and we see that WEPS-Eid is a very profitable investment with a 380 real internal rate of return of 13.2 percent at full capacity and an internal rate of return of 7.3 percent 381 with a prolongation of the present capacity. In this paper, we do not discuss how profits are shared 382 between the energy producer (Fjordvarme AS owned by Eid Municipality) and the customers.
379
n = −u + 40 ∑ t=1 a − b − c (1 + r) t(4)
383
One of the customers (Moengården) and Fjordvarme AS made a calculation of the experienced 384 profitability of the WEPS-Eid solution. The result is presented in Table 4 Table 4. The table shows the ex post result for one of the customers (Moengården) of WEPS-Eid. The energy requirement is assumed to be 200 kWh per m 2 , identical to the norm for this type of building in Norway. The price of electricity including grid cost is assumed to be 0.9 NOK per kWh. The reduced cooling costs are compared with cooling using electricity. Due to the good results, this customer has in 2017 substantially increased the area where he/she uses WEPS. and preparations. We think private companies would be unable to conduct this coordination. In Eid,
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